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The protective effects of both 8-methoxy-
psoralcn (8-Mop) and synthetic antimalarial
drugs on the skin exposed to ultraviolet irra-
diation are well known. 8-Mop orally ad-
ministered for 2—3 weeks prior to exposure in-
creases skin tolerance to sun and ultraviolet
light and protects against severe sunburn re-
action (1, 2). Vitiliginous farmers can be made
more tolerant to work in the open field by
8-Mop given orally (2). It has been also shown
that 8-Mop, orally administered, can protect
albino mice against ultraviolet light-induced
earcinogenesis (3, 4, 5). Becker (12) studied
the histological changes in human skin following
psoralcn therapy and he was able to correlate
these histological changes with the clinical
phenomena produced by psoralen and ultra-
violet light. His histological studies demon-
strated that orally administered psoralen, in-
creases tolerance to sun and U.V.R. and reduces
sun burn reactions through thickening of the
stratum corneum and the formation of a
"stratum lucidum"; and increased melanization
of the epidermis (fine melanin particles in the
epidermis including the stratum corneum). We
have recently been able to show that 8-Mop
has a protective effect on albino rat skin ex-
posed to beta emissions.
The synthetic antimalarial drugs possess
photoprotective properties. They have been
used with success in protection of patients
suffering from photosensitivity to light (7, 8,
9) as light eruptions, lupus erythematosus,
porphyria cutanea tarda, summer prurigo and
xcrodcrma pigmcntosa. Atabrine, applied top-
ically, offered complete protection of swiss mice
against the ultraviolet light-induced squamous
cell cpithclioma (10). Oral administration of
chloroquinc diphosphate and quinacrinc hydro-
chloride decreased markedly the incidence of
experimentally induced ultraviolet light-ear-
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cinogenesis in human volunteers who were
cancer-prone (11) and in experimental animals
(5). We have been able to show in a previous
publication that ammodiaquine HC1 and pyrime-
thamine have a protective effect against beta
irradiation (14) in albino rat skin.
The purpose of this work was to confirm the
protective action of 8-Mop and synthetic
antimalarials, and to study the histopathological
changes produced as a result of beta irradiation
in albino Wistar rat skin following ingestion
of these drugs.
MATEaIAL AND METHODS
Abdominal skin of albino Wistar rats was
shaved with an electric shaving machine. Rats,
each weighing shout 250 gms, were divided into
11 groups of ten rats each.
Six areas of the abdominal skin of each rat of
groups II, III, IV, V, VI, VII and VIIT were ex-
posed to 12,000 reps emitted from a 9 mm stron-
tium plaque, in a single dose.
Group 111: each rat received a daily dose of
0.4 mgm of S-Mop in the diet for 21 days before
irradiation.
Group IV: each rat received a daily dose of
S mgm of ammodiaquine HC1 in the diet for 21
days before irradiation.
Group V: each rat received a daily dose of
one mgm of pyrimethamine in the diet for 21 days
before irradiation.
The drugs were also given to groups VI, VII
and VIII in single large doses administered through
a fine catheter to the anesthetized rats 2 hours
before irradiation.
Group VI: each rat received 100 mgm of S-Mop.
Group VII: each rat received 40 mgm am-
modiaquioe HC1.
Group VIII: each rat received 16.6 mgm of
pyrimethamine.
Groups I, II, IX, X, XI were used as control
groups.
Group I: received no drug and was not exposed
to beta irradiation.
Group II: was exposed to beta irradiation, with-
out receiving any drug.
Groups IX, X and XI received the same doses
of the drugs used without irradiation.
The animals were examined daily. On the 5th
day (the time of maximum reaction), rats from
each group were killed by chloroform, and the
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skin of the six irradiated areas was removed for
histologic examination. The same procedure was
done after 10 and 30 days.
RESULTS
Skin specimens from the control rats of
groups I, II, IX, X nnd XI were examined.
Group I represented the normal histological
appearance of the abdominal skin in rats (Fig.
1).
Groups IX, X and XI, which had received
the drugs but had not been exposed to irradin-
tion, showed no demonstrable pathological
changes, both epidermis and dermis appearing
of normal thickness and configuration (Fig.
VIII).
After 5 days the skin of group II, consisting
of the irrndiated rats receiving no drugs, showed
severe reaction. There was necrosis of the epi-
dermis and marked inflammatory reaction in the
dermis (Fig. 2). The necrotic epidermis to-
gether with exudate rich in polymorphonuelenr
leukoeytes were producing crusts. On separa-
tion, superficial ulcers remained (Fig. 3). 171-
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ceration started to occur after 5 days and all
the areas were ulcerated within 10 days. In the
subepithelial connective tissue there was severe
inflammation with exudation of fluid, many
polymorphonuclear leukocytes and an occa-
sional cosinophil cell. There were also fragmen-
tation of the fibro-elastic tissue and destruction
of the hair follicles and sebaceous glands. No
regeneration was noted after 30 days. The
healed areas exhibited thin layers of epidermis
devoid of papillae and hairs.
Group III: 8-Mop treated rots. Five days
after irradiation, all areas revealed mild in-
flammation and no ulceration. A marked reddish
hyaline zone similar to the stratum lucidum was
noticed in 2 sites. There was congestion with
mild infiltration by polymorphonuclear leuko-
cytes. Mild atrophy of the hair follicles in the
center of only a few sites was observed. (Fig. 4).
The areas examined ten days after irradiation
showed thickening of all layers of the epidermis
with marked hyperkeratosis and acanthosis. The
dermis demonstrated minimal inflammatory
reaction, with few cells (Fig. 5). Hair follicles
were intact in all sites.
Group IV: Ammodiaquine treated rats. The
irradiated skin areas were examined micro-
scopically five and ten days after irradiation
and showed marked hyperkeratosis and acan-
thosis with darkening of the prickle cells (Fig.
6). There was mild inflammatory reaction in
the dermis. The hair follicles were deformed
and somewhat atrophic.
Group V: Pyrimethamine treated rats. The
irradiated areas, examined five and ten days
after irradiation, showed protective changes sim-
ilar to those observed in S-Mop and ammodia-
quine-treated rats. There was neither ulceration
of the epidermis nor demonstrable change in the
hair follicles. Brownish granules were also seen
in several layers of the stratum spongiosum,
similar to those seen in ammodiaquine treated
rats (Fig. 7).
It is interesting to note that the irradiated
areas in the rats receiving the three drugs
tested regained their normal appearance about
one week before the control rats except for
some scantiness of hairs. The irradiated areas
in the control rats showed shiny glazed finely
scarring surface devoid of hairs.
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Groups VI, VII and VIII, in which the drugs
were given in a single dose two hours before
irradiation, were examined after 5 and 10 days.
The specimens showed moderate inflammatory
reaction in the dermis with dilatation of the
blood vessels. The epidermis showed mild
thickening. No necrosis or ulceration was found
(Fig. 9).
DISCUSSION AND COMMENT
In an attempt to study the histological
changes produced by 8-Mop in skin exposed to
the TJ.V.L. irradiation, Becker observed that
formation of a stratum lucidum and a more
adherent denser stratum corneum is responsi-
ble for the resistance to ultraviolet light irra-
diation. He attributed these histological changes
to alterations in the metabolism of the skin
probably in the upper prickle cells produced by
8-Mop and ultraviolet light. The greater pro-
tection against ultraviolet exposure by long
term 8-Mop therapy as compared with the
short term therapy (12, 13) is probably due to
the combination of an altered stratum corneum
and increased psoralen tan.
In our previous studies we found that both
8-Mop and synthetic antimalarials (amodi-
aquine HC1 and pyrimethamine) administered
over a period of 3 weeks before exposure to
beta irradiation, exercise a protective effect on
the skin (6). This protective effect was most
marked with 8-Mop. Ammodiaquine and py-
rimethamine also produced marked protective
changes (14).
The present work demonstrates the differ-
ences in histopathology seen in the skin of rats
receiving the drugs with that in the control
group, both exposed to the same dose of ir-
radiation, and reveals the marked protective
capacity of these drugs against irradiation. The
skin of the control group receiving no drugs
and exposed to beta irradiation showed large
areas of necrosis and nlceration, complete de-
struction of all cutaneous appendages and a
marked inflammatory reaction (Fig. 2, 3).
In rats receiving the drugs for 3 weeks before
irradiation, necrosis was minimal and there
was no ulceration (Figs. 4, 5, 6, 7). The epi-
dermis was markedly hyperkeratotic and
acanthotie. The most striking feature was the
marked thickening of the epidermis, three or
four times the normal. The deeper layer of the
stratum corneum was hyaline-like and homoge-
neous, and resembled the stratum lucidum
which is not normally present in the skin of
the abdomen (Fig. 4). All these histological
changes may represent the mechanisms for
protection of the skin against the given ir-
radiation. In our histologic studies, it was ob-
served that the inflammatory reaction was
very mild and the hair follicles were well pro-
tected in groups of animals receiving the drugs.
Those hair follicles showing slight atrophy
quickly regained their normal appearance. On
the other hand rats exposed to beta irradiation
without first having been given the drugs re-
acted with extensive necrosis of the epidermis
and marked inflammation of the dermis. In
addition, in rats receiving the antimalarial
drugs, the thickened epidermis appeared darker
because of the deposition of a brownish pigment
in the stratum granulosum. The nature of the
brownish material deposited in the epidermal
cells is difficult to interpret, and awaits selec-
tive differential stains and chemical investi-
gations for further elucidation.
In the short term experiments in which each
of the three drugs was administered in large
doses administered two hours before irradia-
tion, the results uniformly indicated a definite
protection as shown by absence of necrosis
and ulceration. The inflammatory reaction
was moderate. The hyperplastic epidermal
changes seen in the long term experiments
were not evident. The hair follicles suffered
atrophy and appeared less protected than in
long term experiments (Fig. 9).
SUMMAIIY AND CONCLUSION
In the long term experiments with 8-Mop
and antimalarial drugs, the skin responds to
beta irradiation in a proliferative pattern, the
epidermis becomes thickened, and no ulceration
takes place. The hair follicles appear to be
protected by the thickened epidermis. The in-
flammatory cellular reaction is minimal. The
drugs induced no histological changes in non-
irradiated areas of skin.
In short term experiments, in which the
drugs were administered in large doses two
hours before irradiation, the protective changes
were less marked.
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